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ABSTRACT 
The Kane Fracture Zone (KFZ) Transverse Ridge is an anomalously 
shallow ridge which parallels the KFZ for over 200 kilometers east of 
its intersection with the Mid-Atlantic Ridge rift valley. Sea Beam 
bathymetry and gravity data have been used to determine the morphology 
and density structure of the ridge, and travel-time data from two 
seismic refraction experiments have been used to constrain its seismic 
velocity structure. The transverse ridge first appears on older 
lithosphere opposite the eastern ridge-transform intersection (RTI). 
It rises to a maximum height of about 2000 m above the bordering KFZ 
trough 40 km east of the intersection area. Although bathymetry data 
along the western limb of the KFZ are relatively sparse, a ridge of 
similar dimensions appears to b e absent. The KFZ transverse ridge has 
a decidedly flexural shape in cross-section with a high, steep, south-
facing wall and a gently sloping northern side. The grain of the 
ridge-parallel topography north of the KFZ continues undisrupted 
across the transverse ridge suggesting that the ridge has formed by 
vertical uplift of this crust. Seismic ray tracing and gravity 
analyses indicate that the KFZ transverse ridge is not locally 
compensated by an overthickened crust, but is underlain by crustal 
thicknesses and velocities similar to that of normal oceanic crust on 
either side of the KFZ. Anomalously thin crust is present only 
immediately beneath the KFZ trough and the south-facing wall of the 
transverse ridge. These constraints, and the existence of the 
transverse ridge on the older plate, preclude several previously 
proposed models for its origin including flexural bending due to 
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differential subsidence across the fracture zone, constructional 
volcanism and serpentine diapirism. Although no other single 
mechanism provides a completely satisfactory explanation for the 
origin of the KFZ transverse ridge, the most likely mechanism appears 
to be a combination of thermal and viscodynamic forces operating near 
the RTI. 
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PREFACE 
This thesis has been written in manuscript format. It consists of 
one paper and two appendices. The paper will be submitted for 
publication to the Journal of Geophysical Research. The appendices 
contain data not presented in the paper and the location of the Sea 
Beam data used to construct the bathymetric maps presented in the 
paper. The Sea Beam bathymetry and gravity data analyzed in this 
thesis were collected on leg RC-2511 of the R/V Robert C. Conrad with 
Drs. R.S. Detrick and P.J. Fox as chief scientists. The seismic record 
sections used to pick first arrival travel times provided by G .M. 
Purdy, WHOI, and R.S. Detrick, URI and the velocity vs depth solutions 
of Detrick and Purdy (1980) and Cormier et al. (1984) were used in the 
seismic ray tracing analysis presented in this thesis . Figure 7 on 
page 49 from Cormier et al. (1984) was presented because it 
contributes significantly to the constraints on the crustal structure 
of the KFZ transverse ridge. 
vi 
TABLE OF CONTENTS 
PAGE 
ABSTRACT ..... .. . . ........ . ..... . . . ............ . .. . ..... . .. .. .... . ii 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv 
PREFACE...... .. .... .. ................... ... ............... . ...... v 
TABLE OF CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 
LIST OF FIGURES ... . ....................... .. ..... . . . . . ........ .. . vii 
MANUSCRIPT 
Introduction .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Kane Fracture Zone . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Morphology 
Data Acquisition and Processing ..... . . . ... .. .. . ............ . 6 
The Eastern RTI and Adjacent Rift Valley........... .. .. .. .. 7 
The KFZ and Transverse Ridge.............. . . ..... .......... 8 
Important Observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Isostacy of the KFZ Transverse Ridge .......... . .. .. . .. . . ... . ... 12 
Seismic Structure of the KFZ Transverse Ridge ............... . .. 14 
Discussion 
Thermal Conduction Across Fracture Zones .......... .. ....... 21 
Li tho spheric Flexure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Changes in Relative Plate Motion. . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Serpentine Diapirism. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Viscodynamic Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Conclusions . ............. . ......... .... ..... ... ...... ... .... . .. 30 
vii 
Figures ............. ...... ............ ....... .................. 32 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
APPENDIX A. 
APPENDIX B. 
Ray Tracing Models ............................... 61 
Data Storage ................ ..... ......... ....... 68 
BIBLIOGRAPHY ................................................... 69 
LIST OF FIGURES 
MANUSCRIPT 
1. Location map of the Sea Beam, gravity and magnetics 
survey carried out at the Kane f r acture zone with 
viii 
PAGE 
the position of OBH seismic refraction lines .. ............. . ... 32 
2. Sea Beam bathymetric map of a portion of the Kane 
fracture zone and its eastern intersection with the 
Mid-Atlantic Ridge ...................... ... .. .. ................ 34 
3a. Eight Sea Beam swath profiles across the Kane fracture 
Zone and transverse ridge ....................... . .... . ........ 36 
b. Three dimensional perspective display of gridded Sea Beam 
data of the Kane fracture zone and transverse ridge . ........ . . 38 
4. Observed bathymetry across the Kane transverse ridge 
compared to the shape of a deflected elastic plate .... . ... . .... 40 
5. Observed and predicted depth vs age profiles 
along the Kane fracture zone . . .......... . ......... . ... .. .. . .... 42 
6. Observed bathymetry and the corresponding free a ir 
gravity and mantle Bouguer anomalies across the Kane 
fracture Zone and transverse ridge ....... . ...... . . .. .. .... ..... 44 
ix 
7. Total mantle delay-times for lines shot perpendicular 
to the Kane Fracture Zone (from Cormier et al . , 1983) ... . ...... 46 
8 a. EXP81 final ray tracing model for OBH 5 ..................... 48 
b. EXP81 final ray tracing model for OBH 3 ....... . ...... .. .... . SO 
9. EXP77 final ray tracing model for OBHs 3,4 and 6 .... . .......... 52 
APPENDIX A 
Al. EXP81 ray tracing model with constant thickness 
crust for OBH 5 ............. . .. . ..... . ............. . ... . ...... 64 
A2. EXP81 ray tracing model wit h constant thickness 
crust for OBH 3 ............ . ............. . ....... . . .. ......... 66 
1 
INTRODUCTION 
North Atlantic fracture zones, and fracture zones along other 
slowly spreading ridges, are typically characterized by a zone of 
strongly lineated terrain, a few kilometers to over thirty kilometers 
in width, centered about a deep axial trough (Fox and Gallo, 1986). 
Among the most distinctive topographic features in this zone are 
linear ridges, towering one or more kilometers above the surrounding 
sea floor, that border many of these fracture zones for distances of 
tens or hundreds of kilometers. These features, known as transverse 
ridges (Bonatti, 1978), are found both within and outside the 
transform zone. They are particularly prominant in the equatorial 
Atlantic where they have been mapped along the Verna (Van Andel et al., 
1971), Romanche (Bonatti and Honnorez, 1976), St. Paul's (Melson et 
al., 1967) and Ascension (Van Andel et al., 1973) fracture zones . 
However, they also have been reported from other large fracture zones 
including the Oceanographer (Fox et al., 1976), Fifteen-Twenty 
(Collette, 1984), Kane (Purdy et al., 1979), Atlantis (Heezen and 
Tharp, 1965) and Charlie-Gibbs (Olivet et al., 1974) fracture zones in 
the North Atlantic, the Owen (Bonatti, 1978) fracture zone in the 
Indian Ocean and the Mendocino (Menard and Chase, 1970) and the 
Heezen (Lonsdale, 1986) fracture zones in the Pacific. 
Fracture zone transverse ridges are of geological interest for 
several reasons. Their orientation is parallel to fracture zones and 
is orthogonal to the tectonic grain of normal oceanic crust suggesting 
an origin that is related to processes associated with the dynamics of 
ridge-transform-ridge plate boundaries. The ridges are much shallower 
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than adjacent sea floor of the same age and appear, in some cases, to 
have experienced recent and very rapid vertical tectonism. For 
example, the summit of the Verna transverse ridge, presently 600 m 
below sea level, is capped by shallow water limestones that suggest it 
once was at or near sea level (Bonatti and Honnorez, 1971; Honnorez et 
al., 1975). Limestones recovered from the Romanche transverse ridge 
have been dated and indicate subsidence rates of 0.3 mm/yr, more than 
an order of magnitude greater than would be expected from the thermal 
subsidence of the underlying lithosphere (Bonatti et al., 1977). A 
diverse suite of basaltic, gabbroic, and ultramafic rocks with various 
degrees of metamorphism and tectonization have been dredged from the 
steep walls of transverse ridges at many fracture zones leading to the 
suggestion that the ridges are uplifted blocks that expose the deeper 
portions of the oceanic crust (Bonatti and Honnorez, 1976). 
The origin of fracture zone transverse ridges remain, however, a 
poorly understood aspect of fracture zone tectonics. In part, this is 
due to the extremely rugged topography of these ridges which has made 
them difficult to map using conventional wide-beam echo sounders. In 
addition, few geophysical constraints exist on the deeper crustal 
structure of transverse ridges. Gravity studies of the Romanche 
(Cochran, 1973), Verna (Robb and Kane, 1975) and Kane (Louden and 
Forsyth, 1982) fracture zones have suggested transverse ridges are 
associated with a local mass excess, but these interpretations have 
been complicated by the density contrast associated with the different 
aged lithosphere juxtaposed at the fracture zone (Sibuet and Veyrat-
Peiney, 1980; Louden and Forsyth, 1976) and the presence of anomalous 
crustal thicknesses and densities beneath the adjacent fracture zone 
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trough (Detric k and Purdy, 1980) . Refraction experiments, hampered by 
the extreme topogr a phic rel ief associated with transverse ridges, have 
concentrated primarily on determining the crustal structure along the 
fracture z one trough, and with the exception of Whitmarsh and 
Calvert's (1986 ) work on Heca te Bank along the Charlie - Gibbs fracture 
zone and the Potts et al . , (1986) study o f the Vema fracture zone, few 
seismic constraints exist on the crustal structure o f any transverse 
ridge. 
In this pape r we present the results of a Sea Beam survey of the 
Kane fracture zon e transverse ridge and a re-analysis of available 
gravity and s e i s mi c refraction data across this feature. Our results 
indicate that the Kane fracture zone transverse ridge i s an uplifted 
block of essent ially normal oceanic crust that is not locally 
compensated either b y an overthickened crust or unusually low mantle 
densities. No singl e mech anis m offers a completel y satisfactory 
explanation for the origin of the Kane fracture zone transverse ridge, 
but therma l-viscodynamic stresses developed near the ridge-transform 
intersecti on a r e s u ggested as possible a mechanism . 
Kane Fracture Zone 
The Kane fracture zone (KFZ) is one of the largest and best mapped 
fracture z ones i n the central North Atlantic. It has been traced from 
its l e f t- l ateral, 150 km transform offset of the Mid-Atlantic Ridge 
(MAR) at -23°30 1 N out beyond 80 m.y. old crust on either side of the 
rift valley (Fox et al., 1969; Rabinowitz and Purdy, 1976; Purdy et 
al·• 1979 ; Tucholke and Schouten, 1985). The regional bathymetric 
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maps compiled from these studies using conventional, wide - beam echo 
sounding p r ofi l es show that near the MAR the KFZ is an anomalously 
deep, ES E- t rending trough that is bordered to the north along its 
eastern a s e i smic limb by an unusually high, elongate ridge, which we 
call the KFZ transverse ridge. This ridge parallels the KFZ for at 
least 240 kilometers east of the MAR rift valley. 
The KFZ transverse ridge has not been studied in any detail, but 
it appears to be similar to transverse ridges found along other large 
Atlantic f racture zones. Rocks recovered from the transform valley 
walls (Myashiro et al. 1969), the ridge north of the MAR-KFZ 
intersection (Karson and Dick, 1983), and further west along the KFZ 
(Fox et a l., 1972) include basalt, metabasalts, gabbros, metagabbros 
and serpentinized ultramafics, similar to the suite of rocks dredged 
from t h e flanking walls of other fracture zones including the Verna, 
Romanche and Owen (Bonatti and Honnorez, 1976, Bonatti and Hamlyn, 
1978) . Near the eastern ridge-transform intersection of the Kane 
Transfor m submersible and deep-towed ANGUS photographic studies show 
no evidence for recent tectonic activity along the transverse ridge, 
although r eactivated debris slides and relatively recent fault scarps 
(indicat i ng a component of vertical tectonism) are present and become 
more abun dant along the northern transform valley wall as the eastern 
RTI is approached (Karson and Dick, 1983). 
This portion of the KFZ, and the MAR rift valley immediately to 
the south, have been the site of two major seismic refraction 
experime n ts (Detrick and Purdy, 1980; Cormier et al., 1984; Purdy and 
De trick , 1986). Three ridge-parallel refraction profiles, one shot 
Within the rift valley south of the Kane and two others which cross 
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the KFZ and transverse ridge east of the MAR, all document the 
o f normal crustal thicknesses (5-7 km) which gradually thin presence 
as the KFZ is approached. Anomalously thin, low velocity crust is 
observe d along the KFZ trough, with extremely thin crust (<l km thick) 
present b eneath the nodal basin at the eastern intersection of the MAR 
and KFZ. These findings are similar to the seismically anomalous 
oceanic c rus t associated with other North Atlantic fracture zones 
(Yhite e t al., 1984). The crustal structure of the KFZ transverse 
ridge , whi ch borders the fracture zone trough, was not specifically 
investigated in these studies, although the results suggest that 
anomalouly thin crust may extend northward beneath at least part of 
the transverse ridge (Detrick and Purdy, 1980). 
Loude n and Forsyth (1982) have also analyzed two long (-300 km) 
gravity p r ofi les which cross the KFZ transverse ridge. They report a 
positive i s ostatic anomaly over the transverse ridge on one profile 
which they interpret as evidence for a thinned crust or a high density 
body with i n the ridge. However, 65 km further west a second profile 
shows no isostatic · anomaly over the transverse ridge leading Louden 
and Forsyth to conclude that there are significant variations in 
crustal thickness or density occuring throughout the region both along 
and acros s the KFZ . Twigt et al., (1983) also report a positive 
isostatic anomaly over the KFZ transverse ridge where it appears in 
the eastern North Atlantic Cretaceous Magnetic Quiet Zone. 
In t h e following sections we first present our Sea Beam map of 
the KFZ t ransverse ridge, the first high-resolution bathymetry map of 
a fracture zone transverse ridge. We then use this map to provide a 
tectoni c framework for a re-analysis of available gravity and seismic 
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refraction data across the ridge. Finally, we discuss the 
implications of of our results for various models of the origin of 
transverse ridges. 
MORPHOLOGY OF THE KANE TRANSVERSE RIDGE 
AND KANE FRACTURE ZONE VALLEY 
Data acquisition and processing 
An eighteen day Sea Beam bathymetry, magnetic and gravity survey 
of the Kane transform and the Mid-Atlantic Ridge rift valley 
immediately to the south was completed in October-November 1984 as 
part of a pre-drilling site survey for the Ocean Drilling Program 
(Detrick et al., 1985). Approximately three days of this survey were 
devoted to mapping the KFZ transverse ridge and the adjacent fracture 
zone valley (Fig. 1). Coverage extends from the eastern ridge-
transform intersection (RTI) eastward along the KFZ for a distance of 
about 130 km. Between the RT! and 44°30 1 N, nearly complete Sea Beam 
coverage was obtained out to 30 km on either side of the fracture 
zone. East of 44o3o'w, Sea Beam coverage consists of three 
overlapping swaths along the Kane transverse ridge and fracture zone 
trough with eight equally spaced -60 km long profiles oriented 
approximately perpendicular to the KFZ. 
Initial post-processing of the Sea Beam data involved plotting 
the swaths with a 100-meter contour interval at a scale of 60 inches 
per degree 
ship was 
(1:75,000). For approximately 
the Global 
eight hours each day the 
Positioning System (GPS) navigated using 
satellite network which has an accuracy of several tens of meters. 
Outside the GPS window, the ship was navigated by transit satellites 
7 
and dead reckoning. The final ship navigation was determined by 
adjusting the bathymetry obtained with transit satellites and dead 
reckoning to the GPS navigated bathymetry where the swaths intersected 
or overlapped. The adjustments required were typically less than 1 km 
on all but a few tracks. Working bathymetric maps with a 20-m contour 
interval were then constructed at scales of 81 inches per degree 
(1:50,000) or 40 inches per degree (1:100,000) by hand contouring the 
swath data and interpolating between swaths where necessary. Final 
maps at a more managable scale of 20 inches per degree (1:200,000) and 
a contour interval of 100-m were then produced. 
A color-filled version of the final 100-m contour map of the 
eastern Kane RTI and the Kane transverse ridge is shown in Fig. 2. 
The hot colors (yellow, red) represent shallow regions while the cold 
colors (blues, purple) denote the deeper portions of the map. A more 
three-dimensional perspective on the relief associated with the Kane 
transverse ridge is shown in Fig . 3a and 3b. 
The eastern RTI and adjacent rift valley 
The morphology of the Kane transform and the eastern Kane RTI 
have been described in detail by Pockalny et al. (1986). The 
topography of the intersection area is dominated by a large closed-
contour depression or nodal basin. It is about 10 km wide at the 
5000-m contour and over 6100 m deep near the center of the basin. To 
the south, two NNE-trending scarps, each about 500 m high , define the 
Mid-Atlantic Ridge rift valley. The rift valley gradually deepens and 
widens northward toward the RTI. The topography of the northern part 
of the rift valley is dominated by a NNE-trending median ridge. This 
ridge narrows and deepens northward toward the RTI curving slightly to 
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the eas t and wraping around the eastern edge of the nodal basin. 
Pockalny e t a l. (1986) interpret this feature as the present location 
of the neov olcanic zone within the northern rift valley. This ridge 
exhibits along strike continuity, extends across the entire 
intersec t ion area, is decorated with a number of small (20-200 m) 
conica lly- shaped highs inferred to be volcanic edifaces, and 
terminates agai nst the base of the precipitous, 1500 m high northern 
wall of t h e KFZ (Karson and Dick, 1983; Pockalny et al., 1986). East 
of the nodal basin the rift valley walls are relatively deep (3500-
4000 m) , and characterized by two broad cuspate ridges that plunge and 
taper as t he fracture zone is approached, mimicking the shape of the 
neovolcanic z one . To the east, these ridges are bounded by a 
topograph i c l ow that has the appearance of a relic nodal basin. West 
of the RTI a shallow, rectangularly-shaped ridge stands almost 5000 m 
above the adjacent nodal basin. This block is characterized by 
second-or der , r idge-axis parallel terrain elements that pinch out to 
the north along an exceptionally steep (-20° regional slope), 3000 m 
high transform -parallel scarp. 
The Kane fracture z one and transverse ridge 
The Kane t ransform valley strikes WNW out of the RTI area. The 
transform valley walls are composed of an alternating sequence of rift 
valley-par alle l ridges which deepen and taper toward the transform, 
and intervening troughs that widen into closed-contour depressions 
along the floo r o f the transform valley (Pockalny et al., 1986). This 
ridge-ax i s parallel accretionary fabric is abruptly truncated by a 
narrow (< 6 km wide) transform tectonized zone . East of the RTI, the 
fossil trace of the Kane transform is preserved as an anomalously deep 
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trough strikin g 098 ° . The floor of the fracture zone valley gradually 
deepens to t h e east, but several circular or elongate deeps are 
t that appear to be relict nodal basins (eg. at 44°45
1
W, 44°23
1
W pres en 
and at 44ow) . Refraction lines shot along this part of the KFZ trough 
indicate anomalously thin, but variable crustal thicknesses, with the 
thinnest c r ust associated with the deepest portions of the fracture 
zone v a lley (Cormier et al., 1984). South of the eastern limb of the 
KFZ , r ift valley-parallel terrain can be traced northward well into 
the fracture zone valley. The ridges deepen and narrow toward the 
fracture zone where some of them curve westward into the fracture zone 
valley in a f ashion similar to the present neovolcanic zone. This 
morphological s imilarity suggests that this terrain was formed by 
constructional v o lcanism in the rift valley and then laterally 
transported t o its present position without significant dismemberment 
by faulting. 
The Kane transverse ridge forms the northern wall of the KFZ from 
the RTI e a s tward for a distance of over two hundred kilometers 
(extendin g e astward beyond the map shown in Fig. 2). It is distinctly 
asymmetric i n c ross-section, with a steep south-facing wall that rises 
as much as 2000 m above the floor of the fracture zone valley and a 
more subdue d northern flank that slopes down, gradually reaching more 
normal depths about 15-20 km north of the KFZ (Fig. 3). The 
transverse ridge is first observed as a blocky promontory north of the 
nodal b a s i n at the eastern RTI. It reaches its shallowest depths 
(<2300 m) about 40 km east of the RTI and undulates between high, 
relatively blocky ridges (eg. 44o5o'w, 44o3o'w, 44°2o' w and 43°45'W) 
and dee per saddle areas (eg. I I I 44o23 W, 44°10 W and 43°50 W). Further 
east, Collette et al. 
transverse ridge is 
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(1984) and Twigt et al. (1983) report that the 
absent between 39° 36° W and reappears 
discontinuously from 36° to 25° W. The only major discontinuity in the 
transverse ridge in the area of Sea Beam cov erage occurs 15 km east of 
the RTI where a broad rift valley-parallel trough separates two of the 
shallowest portions of the ridge. The transverse ridge is not 
physically continuous with the narrow, several hundred meter high 
median ridge that is found along the eastern half of the transform 
tectonized zone (Pockalny et al., 1986), although the presence of 
this ridge marks the first development of anomalous transform-parallel 
topography along the north wall of the transform valley. 
Important observations 
Three important observations can be made from the Sea Beam data 
shown in Fig. 2. One of the most striking features is the apparent 
continuity across the transverse ridge of the ridge axis-parallel 
accretionary fabric which characterizes the crust north of the KFZ. 
The shallower portions of the transverse ridge ( eg. the peaks at 
44°35 'W and 44°20 'W) are continuous with topographic ridges on the 
adjacent sea floor north of the KFZ, while the saddle areas line up 
with the corresponding troughs (eg. 44o45'w and 44°23 1 W). The 
transverse ridge is thus not a continuous, linear transform-parallel 
ridge which has been built upon the crust north of the KFZ. Instead, 
to a large extent, it simply appears to be normal MAR ridge and trough 
topography which is anomalously shallow near the KFZ . 
Another important observation is the distinctly asymmetric shape 
of the Kane transverse ridge in cross-section with its high, steep 
south-facing wall and its smaller , gently sloping north side. Figure 
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4 shows a composite bathymetry profile constructed by stacking the 
center beam depths of the eight Sea Beam swaths shown in Fig. 3a. The 
result is a profile that has a decidedly flexural shape. The observed 
profile can in fact be modeled by a thin elastic plate with an 
effective elastic plate thickness of 3-4 km which has a free end at 
the fracture zone and is bouyed up from below (Fig. 4). Thus both the 
preservation of a rift valley-parallel topographic grain across the 
transverse ridge and its cross-sectional shape are consistent with an 
origin by some type of vertical tectonism that is focused along the 
south-facing edge of the fracture zone. 
A third important constraint on the origin of the Kane transverse 
ridge comes from an examination of the variation in depth with age 
along two profiles north of the KFZ (Fig . 5). These profiles, derived 
from the Sea Beam map in Fig. 2, are located -5 and 15 km north of the 
KFZ, respectively. North of the transverse ridge (Profile A), the 
topography outside the rift mountains follows the predicted depth-age 
relation of Parsons and Sclater (1977). The crust immediately north 
of the KFZ (Profile B) also initially subsides along the predicted 
depth-age relationship, but near the eastern RTI it is rapidly 
uplifted to form the Kane transverse ridge (The first departure from 
the expected depth-age relation may occur as early as the middle of 
the Kane transform, but the major uplift occurs near the eastern RTI.) 
The maximum uplift, about 1500 m, is not obtained until about 40 km 
east of the RTI, afterwhich the ridge appears to subside in parallel 
With the adjacent sea floor. 
The shallowest parts of the transverse ridges observed at the 
Vema, Romanche and Mendocino fracture zones also occur near RTI 
12 
i 1978, Menard and Chase, 1970) . However, large transverse (Bonatt , 
ridges also develop well within the transform offset at some fracture 
zones (Vema,Romanche,Owen) and, although usually present along only 
one side of the fracture zone, a few fracture zones are bordered on 
both sides (Romanche, Alula). Furthermore, large transverse ridges 
are not confined to slowly-slipping plate boundaries (e.g. Heezen and 
Tharp fracture zones, Londsdale, 1986). Based on numerous geophysical 
profiles , Collette et al. (1984) and Collette (1986) observe that a 
fracture zone morphology consisting of an asymmetric valley to the 
young side of the fracture zone and a high wall or transverse ridge on 
the old side can be considered typical of the aseismic limbs of 
fracture zones in the central North Atlantic. Al though the older 
lithosphere opposite the western Kane RTI appears to be uplifted 500-
800 m, our limited Sea Beam coverage and bathymetric compilations of 
the KFZ west of the RTI (B. Tucholke per. comm. 1986) indicate that a 
large well developed transverse ridge is not present along the western 
limb of the KFZ. 
ISOSTASY OF THE KANE TRANSVERSE RIDGE 
As part of the Sea Beam survey, gravity measurements were made 
using the Conrad's Graf-Askania Gss2 gravimeter which has an accuracy 
estimated to be 2-5 mGal when used with satellite navigation 
(Dehlinger, 1978). We have used these data to place constraints on 
the density structure and isostasy of the KFZ transverse ridge. 
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Free-air gravity anomalies were calculated for each of the eight 
profiles across the transverse ridge shown in Figure 3a. The center-
beam bathymetry and gravity data were projected perpendicular to the 
transverse ridge (along azimuth 10°), resampled at 1.5 km interval and 
summed, yielding the averaged profiles shown in Figure 6. The stacked 
free air gravity profile, which displays a large positive anomaly (-40 
mGal) over the transverse ridge and a large negative anomaly (-30 
mGal) over the fracture zone trough, is dominated by the effect of 
the sea floor topography. We therefore calculated what has been 
referred to as a "mantle Bouguer anomaly" by removing the 
gravitational effect of the water-crust and crust-mantle boundaries. 
The calculation was strictly two-dimensional and we assumed a constant 
crustal thickness of 5 km and densities of 1.03 gm/cc for water, 2.70 
gm/cc for the crust and 3. 3 gm/cc for the upper mantle. Deviations 
from these assumptions contribute to the calculated mantle Bouguer 
anomaly. Since in this case we are primarily interested in the 
variations in crustal thickness and density across the fracture zone, 
we used the technique of Louden and Forsyth (1976) to calculate the 
variation in mantle density due to the different aged lithosphere on 
either side of the fracture zone (a 10 m.y. relative age offset) and 
also subtracted this effect from the calculated anomaly. 
The final corrected mantle Bouguer anomaly is shown in Fig. 6 for 
both the individual profiles and the stacked profile. A positive 
anomaly indicates a relative mass excess, while a negative anomaly 
indicates a relative mass deficit. Although there is some variability 
from profile to profile due to the non-two dimensionality of the 
transverse ridge, a (3-17 mGal) positive anomaly is associated with 
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the transverse ridge on all the profiles . The existence of this 
anomaly i ndi cates that the KFZ transverse ridge is not compensated in 
Airy fashion by an overthickened crust or any other type of low 
density body (eg . serpentinized peridotite). The ridge is thus not 
in local isostat ic equilibrium and is either associated with 
anomalously dense "crustal" rocks and or thinner than normal crust. 
A broad negative mantle Bouguer anomaly is observed over the KFZ 
trough . The existence of a negative anomaly here is somewhat 
surprising g i ven the unequivocal seismic refraction evidence for 
anomalously thin crust beneath the KFZ valley in this area (Detrick 
and Purdy , 1980; Cormier et al . , 1984). The gravity data require that 
this crus t al thinning be accompanied by significant reductions in 
crustal and/or upper mantle densities. Se ismic results from the KFZ 
and ot h e r North Atlantic fracture zones are consistent with the 
presence of a zone, typically 7 -17 km wide, of low -velocity crust 
within the f r a cture zone usually attributed to the highly fractured 
nature of the crust as well as to the accumulation of material from 
mass wast ing (White et al. , 1984, Detrick et al. , 1982, Karson and 
Dick, 1983 , OTTER 1984a, 1984b). 
SEISMIC STRUCTURE OF THE KFZ TRANSVERSE RIDGE 
Two major seismic refraction experiments have been carried out 
along this portion of the KFZ by Detrick and Purdy (1980) and Cormier 
et al. (19 84) . These complementary experiments , referred to 
respectively as EXP77 and EXP81 in the following discussion (see Fig . 
l), document the presence of a narrow zone of anomalously t h in crust 
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( 2 _3 km thick) beneath the fracture zone trough adjacent to the KFZ 
ridge. They also provide several well-constrained transverse 
determinations of the thickness and velocity structure of the crust 
north and south of the KFZ. In the analysis of the results from both 
experiments an attempt was made to use the variation in mantle delay 
times on refraction lines shot across the fracture zone to constrain 
the width of the anomalously thin crust and the crustal structure 
beneath the transverse ridge (Fig. 7). South of the KFZ, the EXP77 
profile shows a gradual decrease in mantle delay times from 1.2 to 1.0 
sec, corresponding to a crustal thinning of 0.5 to 1.0 km over several 
tens of kilometers toward the fracture zone. Both experiments 
indicate a large decrease in mantle delay time beneath the fracture 
zone trough which reflects the presence of a narrow zone of 
anomalously thin crust. However, the mantle delay times do not 
increase again north of the KFZ as would be expected for the 
essentially normal thickness crust present on this side of the KFZ. 
Detrick and Purdy (1980) and Cormier et al. (1984) explained these 
low mantle delay times as a result of high seismic velocities beneath 
the KFZ transverse ridge due to the northward extension of an elevated 
Moho beneath at least part of the transverse ridge. 
We have reanalyzed the seismic data from these two experiments, 
in conjunction with the recently acquired Sea Beam and gravity data, 
to place better constraints on the crustal structure of the KFZ 
transverse ridge. The seismic modeling was carried out using the 
"shooting method" of raytracing (Cerveny et al., 1977) through a two-
dimensional, laterally variable media. The models incorporated the 
observed bathymetry (Sea Beam for EXP77 and 3. 5 kHz for EXP81) and 
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the velocity-depth solutions from OBH' s deployed along each profile 
published by Detrick and Purdy (1980) and Cormier et al. (1984). 
Travel-times were calculated by tracing diving rays through the 
assumed model and compared with the observed data. The latter were 
repicked from the original record sections usually to within +/- 0.02 
sec, except for the emergent, longer-range arrivals which have 
uncertainties of up to 0 .1 sec. Since the observed bathymetry was 
incorporated into the model, topographic corrections were not 
required. The model was iteratively adjusted until a satisfactory fit 
was found between the calculated and observed travel times. 
Amplitudes were not modeled. 
The main limitations of this kind of modeling are the assumption 
of two-dimensionality and the non-uniqueness of any "best-fit" model, 
particularly the inherent ambiguity between variations in crustal 
thickness and velocity in modeling travel-time anomalies. The non-
uniqueness is somewhat minimized by including many crossing ray paths 
from instruments deployed at several locations along the profile. The 
final velocity models for EXP81 and EXP77 are shown in Figs 8a,b and 
9 • with a comparison of the observed and calculated travel times. 
EXP81 is a 150 km long line which crosses the KFZ transverse ridge 
near 43°25'w, just beyond the eastern limit of our Sea Beam data (Fig. 
1). Eighty shots to two receivers were modeled. The instruments were 
OBH-5 located 50 km south of the KFZ and OBH-3 located in the fracture 
zone trough. EXP77 is a 60 km long profile which crosses the fracture 
zone about 65 km west of EXP81. Thirty-eight shots to three receivers 
were modeled on this profile. The instruments were located 16 km 
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th of the KFZ (OBH-3), in the fracture zone valley (OBH-4) and 18 sou 
km north of the KFZ (OBH-6) . 
The southern ends of both profiles can be adequately modeled by a 
S-6 km thick crust with a typical oceanic velocity structure 
essentially the same as that published for OBH-5 (EXP2) by Cormier et 
al. (1984). The crust remains nearly constant in thickness to within 
10-20 km of the KFZ. The transition between this relatively normal 
crust and the anomalously thin crust (2. 6-2. 9 km thick) beneath the 
lCFZ trough occurs quite abruptly on EXP77 and somewhat more gradually 
on EXP81. In both cases this is accomplished by a significant 
thinning of the low gradient 6 .1- 7. 2 km/s refractor associated with 
layer 3. Within the fracture zone valley the crustal velocities are 
unusually low and the crustal velocity gradients are 1.5-2.0 s-1 
throughout almost the entire crustal section. In order to match the 
observed travel times at short ranges ( < 20 km) south of the KFZ, 
lower than normal velocities were maintained in the upper crust south 
of the fracture zone trough ( ie. depths greater than 4800 m), an 
observation which is consistent with the relatively broad negative 
mantle Bouguer anomaly associated with the KFZ in Fig. 6. 
The crustal structure within the KFZ trough in Figs. 8 and 9 is 
essentially the same as earlier interpretations of these data by 
Detrick and Purdy (1980) and Cormier et al. (1984) and similar to 
published results from other North Atlantic fracture zones (White et 
al.• 1984). The crustal structure of the KFZ ridge is primarily 
Const · 
rained by the travel-times of shots over the ridge recorded at 
OBH-3 (EXP81 and EXP77), OBH-4 (EXP77) and OBH-6 (EXP77). A major 
source of error in matching these arrivals is the precipitous 
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topography across the ridge. While none of our models match the 
observed arrivals exactly, some potential models can definitely be 
eliminated. For example, the arrival times of shots more than 20 km 
north of the KFZ recorded by OBH-3 in EXP81 and the shots over the KFZ 
ridge recorded by OBH-3 in EXP77, preclude the existence of a 
substantially overthickened crust beneath the transverse ridge or 
unusually low mantle velocities. Rather, the elevated Moho present 
under the KFZ trough must extend northward underneath the transverse 
ridge. The thinnest crust beneath the transverse ridge occurs under 
the south-facing wall, but because of the height attained by the ridge 
the total crustal thicknesses increase beneath the ridge apex becoming 
only about 1 km less than that which is typical of normal oceanic 
crust. For example, beneath the apex of the KFZ transverse ridge (-8 
km north of the fracture zone trough) the total crustal thickness is 
4. 3 km in the EXP77 model and 5 .1 km in the EXP81 model, whereas 
crustal thicknesses over 50 km to the south are 5.2 km for EXP77 and 
6.25 km for EXP81. The width of the elevated Moho is about 20 km for 
EXP77 and nearly 30 km for EXP81. Normal crustal thicknesses and Moho 
depths are again present north of the transverse ridge. The velocity 
structure of the crust comprising the transverse ridge is generally 
similar to normal oceanic crust in that it appears to have a low 
gradient zone with layer 3-type velocities and a well-developed crust-
mantle boundary . The south wall of the transverse ridge is 
characterized by relatively high upper crustal velocities (4.5-4 . 8 
km/s), especially in comparison with the anomalous crust in the 
fracture zone trough immediately to the south. 
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Some uncertainties are present in these models. We have assumed 
an upper mantle velocity gradient of .06 s-1 but most of the geometric 
r ay paths either do not sample the upper mantle or travel in the upper 
mantle f or such a short distance that a different velocity gradient 
could no t be resolved on the basis of travel-time alone. A large 
travel-time mi smatch occurs at 5- 7 km range on either side of OBH-3 
(EXP81) which is probably attributable to bathymetric errors . The 
fit to the data from OBH-3 (EXP81) south of the KFZ at 7-15 km range 
could also be improved by extending the low crustal velocities in the 
fracture z one trough further south. However, this would worsen the 
fit to the arr i vals from OBH-5. Similarly, the arrivals at OBH-5 
could be fit b etter by widening the zone of thin crust associated with 
the KFZ trough, but this would increase the errors in fitting the 
arrivals from OBH-3. The same process of travel time matching was 
also applied t o the three OBHs of EXP77, therfore these raytracing 
models a re n o t the best fit possible for indiv idual OBHs, rather they 
represent a combined best fit. 
Despi te these uncertainties, the seismic data clearly require a 
broad zone, 20-30 km wide, of elevated Moho beneath the KFZ. The 
thinnest, mos t anomalous crust occurs in a narrow zone beneath the 
fracture z one valley. The KFZ transverse ridge is not associated with 
a thick c rustal root. The crustal thicknesses beneath the ridge are 
l-1.5 km less than normal and seismic velocities are much more 
similar to those of most oceanic crust . 
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DISCUSSION 
The bathymetry, gravity and seismic data presented above provide 
important constraints on possible mechanisms for the formation of the 
KFZ transverse ridge and other similar features. Among the most 
important observations are: 
(1) the location of the transverse ridge on the older plate 
bordering the fracture zone 
(2) the apparent continuity of the accretionary fabric of normal 
oceanic crust across the transverse ridge 
(3) the flexural shape of the ridge in cross-section 
(4) the similarity in uplift of older seafloor opposite both RTis, 
but the apparent development of a transverse ridge only along the 
eastern limb of the KFZ 
(5) the absence of a deep crustal root or anomalously low mantle 
densities beneath the transverse ridge 
(6) the presence of relatively normal seismic velocities with 
thinner than normal crustal thicknesses for the transverse ridge. 
These observations, together with the exposure of a diverse suite 
of crustal and upper mantle-type rocks along the walls of the KFZ, are 
not consistent with the formation of the ridge by constructional 
volcanism. Instead, the KFZ transverse ridge appears to have formed 
by some type of tectonic uplift localized along the fracture zone. 
Bonatti (1978) reached a similar conclusion after reviewing data from 
several large equatorial Atlantic and Indian Ocean fracture zones and 
discussed several mechanisms that could potentially e xplain this 
Uplift. 'Whitmarsh and Calvert (1986) and Louden et al. (1 986) also 
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t he transverse ridges bordering both the Charlie-Gibbs and consider 
the Verna f racture zones to be products of tectonic uplift (the Verna 
and Charlie - Gibbs transverse ridges also appear to be similar in 
ve locity struc ture and profile to the Kane transverse ridge, 
although the de t a ils o f topographic similarities are unknown and the 
location of these transverse ridge with respect to the RTI are 
different). Collette and colleagues (Collette et al., 1984 and 
Collette, 1986) observe that the cross-sectional morphology of the 
KFZ valley and KFZ transverse ridge ( ie. a fracture zone valley 
flanked by a high wall or transverse ridge located on the old 
side of the frac ture zone) can be considered typical of other 
fracture zones in the central North Atlantic and they off er a model to 
explain this morpho l ogy. The uplift mechanisms and models presented 
by Bonatti ( 1978 ) and Collette (1986) cover a wide range of 
possibilities. In the following sections we discuss these and other 
potential mechani sms and evaluate them in light of our results from 
the KFZ transvers e ridge. 
Thermal conduction acr oss fracture z ones 
The initial upl ift of the KFZ transverse ridge appears to occur 
opposite the intersection of the MAR and the KFZ. The highest 
elevations of t h e Verna and Romanche transverse ridges also occur on 
the older plate opposite or near their respective ridge-transform 
intersections ( Bonatti, 1978). This observation suggests that 
some of the eleva tion associated with these transverse ridges may be 
related · in some way to lateral conduction of heat across the fracture 
Zone. The thermal effect of the juxaposition of a spreading center 
against olde r l i thosphere has been modeled b y Morgan and Forsyth 
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They found that the thermal contrast across a 10 my age -(1986). 
offset transform (comparable to the Kane) could produce 200-300 m of 
f O f t h e older sea floor. The maximum uplift is not located upli t 
opposite the RTI, but is swept along with the older lithosphere to a 
point about 30- 40 km east of the RTI . The pattern of the predicted 
uplift and the pos ition of the maximum relief match the shape of the 
KFZ transv erse r idge relatively well, but the observed uplift is 
approximately three times the predicted amount. A similar observation 
was made by Bonatti (1978) who noted that the elevation of the Verna 
and Romanche t ransverse ridges are much too large to be explained 
solely by horizonta l heat conduction across the fracture zone. This 
mechanism cannot b e the only process because it fails to explain why 
transverse ridges are not found at all ridge-transform intersections 
and why these ridges remain elevated above the surrounding sea floor 
long after the ridge has been carried out onto the ridge flanks. 
However, relative highs do exist opposite the western Kane and eastern 
Verna RTis and though these ridges do not attain the same dimensions as 
the ridges opposite the complementary RTis, their relief may reflect 
uplift due to hori z ontal heat conduction across an RTI. 
Lithospheric flexure 
Sandwell and Schubert (1982) and Sandwell (1984) have proposed a 
thermomechanical model for the development of fracture zone topography 
outside the trans f orm zone. In their model, the upper portion of the 
lithosphere is an elastic layer that grows in thickness as the 
lithospher e 1 d b h h · 1 l' d coo s an su sides. T ey assume t at vertica s ip oes 
not occ 1 ur a ong the fracture zone outside the transform zone. As the 
lithosph ere on the shallower 
' 
younger side of the fracture zone cools 
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r ap idly than the deeper lithosph~ca ~n the older side, stresses mort.3 
develop along the fract re ZQnc- '.fhl~ .,,e stresses flex the elastic 
layer forming a r idge on the younger side of the fracture zone and a 
wave l ength, small r amplitude trough on the older side. longer 
Although t his mode l matches the topography and geoid anomalies 
associate d wi t h s ome Pacific fracture zones ( e .g. the Mendocino 
fractur e z one), it cannot explain the transverse ridges associated 
with most Atl ant ic fracture zones which are gen rally located on the 
older side of the fracture zone. 
Collette and colleagues (Collette et al., 19 84 , Collette, 1986) 
propose tha t transvers ridges form along the transform boundary where 
upwelling occurs in respons e to the void created by the horizontal 
the rma l cont raction of ooling lithosphere. In reaction to t h e upward 
pressure c reated by upwelling asth nosphere, the lithos pi1 re bounding 
the trans fo r m is flexed upward. Upon leaving the transform the 
uplifte d wall i s "joined" to the young oceanic li thosphere which 
remains depre ssed by the load of the older uplifted fracture zone 
wall, thus creat i ng Collettes ' "typical" fracture zone mor hology . 
This model infers that transvers e ridges should b ubiquitous 
features along l arg offset transforms. Transverse ridges, however, 
are observed along only one side of some transform offsets (e.g. Verna, 
Oceanographe r , Charlie Gibbs), while a long the Kane trans form no 
transverse ridges are observed ( Poc kalny et al. 1986, this 
paper), ins t ead the uplift of older lithosph ere occur s opposite the 
eastern Kan e RTI where uplifted seafloor does attain a flexural cross -
sect iona l shape. Thus, although the KFZ transverse ridge has a 
flexura l shape in cross-se ction, differential subsidence across the 
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fracture zone or asthenospheric upwelling causing the uplift of 
lithosphere along both sides 
mechanisms for its formation. 
Changes in relative plate motion 
of the transform are not viable 
Bonatti (1978) has noted that the combination of compressional 
and extensional forces due to changing relative plate motions could be 
an important cause of vertical tectonic motions along the transform 
portion of fracture zones. Such readjustments in spreading direction 
have been documented for both the Verna and Romanche fracture zones 
(Van Andel et al., 1971, Gorini, 1977). Thicker lithosphere opposite 
the RT! of large-offset fracture zones may resist changes in transform 
geometry allowing significant stresses to accumulate along the 
transform. Compressional bending of the lithosphere adjacent to the 
transform may explain both the uplift of blocks of crustal and upper 
mantle material to form transverse ridges along a flank of the 
transform and the apparent flexural shape of some of these features. 
Moreover, to allow vertical tectonism on only one side of a fracture 
zone (e.g. Verna, Owen) Bonatti (1978) invokes a local adjustment in 
spreading direction on one side of the transform not associated with a 
pole of relative motion change. 
A long history of changes in spreading direction have been 
documented along the KFZ from studies of the changing azimuth of its 
fracture zone topography (Fox et al., 1969; Rabinowitz and Purdy, 
1976; Purdy et al., 1979; Collette et al., 1984, Tucholke and 
Schouten, 1985). Collette (1986) and (Tucholke per. comm. 1986) both 
note the apparent association of transverse ridges with changes in the 
azimuth of the eastern limbs of both the Kane and Fifteen-Twenty 
fracture zones . 
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could a recent change in plate geometry explain the uplift of the 
KFZ 
.d ? transvers e r i ge. Sea Beam maps of the KFZ presented in this 
r 
and in Pockal ny et al. (1986) indicate the most likely location pape 
of the transform f aul t zone lies along an azimuth (098°) that is in 
close agreement with the orientation of North American-African 
relative plat e mot i on (100°) predicted by Minster and Jordan (1978). 
This same a z i muth a l so matches the position of the KFZ trough 
extremely well f or at least 130 km east of the MAR (Fig. 2) . The 
only exception is j ust east the RTI where the deepest portion of the 
fracture zone valley bends northward around the northern end of the 
two arcuate ridges t h at extend into the fracture zone . While this 
could represent a recent change in spreading direction, a similar bend 
is not observed in our Sea Beam data at the western RTI (Pockalny et 
al., 1986). We b e l iev e the arcuate ridges are constructional volcanic 
features that hav e overprinted the trace of the original transform and 
that the KFZ has n o t experienced a major change in relative plate 
motion over the pas t 10 my . 
The Sea Beam data thus do not provide evidence for a major, 
recent change in spreading direction along the Kane transform that 
could explain the upl ift of the KFZ transverse ridge. In addition, the 
expected development of transverse ridges along the western limb of 
the KFZ in a posi tion complemetary to the azimuth changes and ridge 
appearances alon g the eastern KFZ limb are not observed (Tucholke per. 
COllllll . 1986). 
It may be s i gnificant that the regional trend of the MAR rift 
Valley south of the KFZ is nearly N-S and thus not orthogonal to the 
Kane transfo r m, even though the trends of tectonic and volcanic 
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features within the rift valley are oriented more north-northeastly 
(Kong et al., in prep; Schulz et al., in prep.). This contrasts with 
the rift valley segment north of the KFZ which has a clear NNE-trend, 
perpendicular to the Kane transform. If the spreading direction south 
of the KFZ is approximately E-W, then the ESE-trending fracture zone 
east of the southern ridge segment may be in compression, possibly 
explaining the uplift of the KFZ transverse ridge. If the northern 
ridge segment is still spreading along an azimuth of 100°, as 
predicted by Minster and Jordan (1978), then the KFZ west of the MAR 
will be in extension, rather than compression, explaining the absence 
of a transverse ridge on that side of the fracture zone. Although 
this explanation is plausible geometrically, it requires the episodic 
occurence of compression and the buckling of the older, colder and 
presumably more rigid lithosphere on the north side of the fracture 
zone, instead of the weaker plate to the south, to form the transverse 
ridge which would be somewhat surprising, if not unlikely. 
Serpentine diapirism 
The abundant exposure of ultramafics and serpentinites on 
transverse ridges has led to the suggestion that these ridges have 
formed by the protrusion of partially serpentinized ultramafic diapirs 
(Bonatti, 1976; Bonatti and Hamlyn, 1978, Francis, 1981)). In this 
model it is envisioned that sea water circulating through the thin and 
highly fractured crust within the fracture zone serpentinizes upper 
mantle peridotite, lowering its density below that of the overlying 
crustal and upper mantle rocks. The resulting gravitational 
instability leads to the formation of a serpentine diapir which 
intrudes the overlying crust, uplifting the transverse ridge. 
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The uplift of approx imately 2000 m observed for the KFZ 
transverse ridge would require the complete serpentinization of over 6 
km of upper mantle to a density of 2 . 55 gm/cm3 . Laboratory 
measurements indicate that serpentinization also significantly reduces 
compressional wave velocities with 100% serpentinization resulting in 
velocities as low as 3-4 km/s (Fox et al., 1972; Christensen, 1972). 
Densities and velocities could be substantially higher if the degree 
of serpentinization were less, but the amount of mantle material 
involved would have to be correspondingly larger. We have no evidence 
from either the gravity or seismic data across the KFZ transverse 
ridge for the low densities and seismic velocities required by this 
model. The KFZ ridge has relatively high seismic velocites, 
comparable to normal oceanic crust, and is associated with a mass 
excess, rather than a mass deficit. The serpentine diapirism model is 
essentially a local compensation mechanism and the KFZ ridge is not 
locally compensated. Thus diapirism on a scale necessary to form the 
KFZ transverse ridge is not consistent with the available geophysical 
data. 
Whitmarsh and Calvert (1986) reached a similar conclusion after 
analyzing gravity and seismic data across Hecate Bank along the 
Charlie-Gibbs fracture zone while Potts et al. (1986) using seismic 
refraction data established the presence of essentially normal oceanic 
crust beneath the Verna transverse ridge without a zone of serpentinite 
diapirism. The existence of high densities within a few kilometers of 
the sea floor at the Verna transverse ridge (Robb and Kane, 1975) is 
similarly hard to explain by serpentine diapirism. The crust is 
sufficiently thin in and near fracture zones that the serpentinites 
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e d on transverse ridges may have been either altered in situ or expos 
squeezed up from relatively shallow depths along the faults bordering 
the ridge. Tranverse ridges clearly represent uplifted blocks of 
crustal and upper mantle material, but the source of this uplift must 
be some other mechanism. 
Viscodynamic forces 
The uplift of the KFZ transverse ridge near the intersection of 
the KFZ and the MAR suggests the possibility that viscodynamic forces 
associated with upwelling of asthenospheric material beneath the 
adjacent spreading axis may play a role in its origin. Initial 
viscodynamic uplift of the KFZ ridge is consistent with our gravity 
results which indicate the ridge is not in isostatic equilibrium. 
Sleep and Biehler (1970) first suggested that the existence of nodal 
basins at RTI could be explained dynamically by the additional viscous 
resistance to upward flow caused by the presence of old, thick 
lithosphere across the transform fault. This results in an enhanced 
vertical pressure gradient near the intersection that reduces the 
height to which the asthenosphere can rise, thus deepening the axial 
valley . This downward force is balanced by shear stresses on the 
walls of the conduit, including the truncating older plate, 
potentially causing uplift. The Sleep-Biehler mechanism may be evident 
in the uplift observed opposite both Kane RTI, but it does not readily 
explain why the uplift of older seafloor persists as a continuous 
ridge only along the eastern limb of the KFZ. The latter appears to 
require some process for enhancing flow at the eastern RTI. Perhaps 
flow beneath the rift valley south of the KFZ is more vigorous than 
the ·d r1 ge segment to the north. Alternatively, the southward motion 
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the the African plate relative to the underlying asthenosphere in the 
bot spot refe rence frame (as envisioned by Schouten et al., 1985) may 
tend to dam asthenos pheric flow against the KFZ, the leading edge of 
the African plat e , resulting in preferential uplift at the eastern RTI 
and along the KFZ t o the east. However, the pattern of three-
dimensional mantle flow at an RTI is poorly understood and it is not 
c l ear whether ei t h er of these mechanisms can explain either the 
pattern or amplitude o f the observed uplift. 
We conclude t hat no single mechanism provides a completely 
satisfactory exp lanat ion for the origin of the KFZ transverse ridge, 
although certain possiblities can clearly be eliminated (excess 
volcanism, differential subsidence across the fracture zone, large-
scale serpentine d iapirism). Some combination of mechanisms is 
possible; fo r example, both thermal reheating and viscodynamic forces 
may be important near RTI and changing plate motions may affect the 
pattern of as t henospheric flow near the transform. In the case of the 
KFZ transverse ridge, the most likely mechanisms appear to be either 
compression across the fracture zone due to different spreading 
directions nort h and south of the KFZ or a combination of thermal and 
Viscodynamic f orces acting near RTI. The main drawback to the 
compression hypothesis is explaining why the older, presumably more 
rigid plate buckles to form the ridge . Reheating and viscodynamic 
uplift c annot easily explain why transverse ridges do not exist at 
bot h Kane RTI wi· thout h · f nh · th t some mec anism or e ancing ese processes a 
the eastern RTI. More information, particularly on the three-
dimen · sional temperature structure, flow pattern and stress field at 
RT!' is needed to evaluate these hypotheses and their importance in 
e~plaining the vertical tectonism at fracture zones. 
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CONCLUSIONS 
Based on our Sea Beam maps of the KFZ transverse ridge and a re-
analysis of available gravity and seismic refraction data we draw the 
following conclusions: 
(1) The KFZ transverse ridge first appears on 10 my old lithosphere 
opposite the eastern intersection of the KFZ and the MAR. It borders 
the north wall of the KFZ valley for at least 130 km east of the MAR 
and represents a major anomaly in the depth-age relation. 
(2) Morphologically, the KFZ transverse ridge appears to be an 
uplifted block of oceanic crust. The rift valley-parallel 
accretionary fabric of the crust north of the KFZ can be traced, 
essentially undisrupted, across the ridge. In cross-section, the 
ridge has a flexural shape that can be modeled by the bending of an 
elastic plate 3-4 km thick. 
(3) The KFZ transverse ridge is not locally compensated by an 
overthickened crust or anomalously low mantle densities. The ridge 
is associated with a mass excess that must either be dynamically 
supported or regionally compensated by the strength of the surrounding 
lithosphere . 
(4) Seismically, a broad zone 20-30 km wide with an elevated Moho 
is required beneath the KFZ. The thinnest, most anomalous crust 
occurs in a narrow zone beneath the fracture zone valley. This thin 
crust but with normal upper crustal velocities extends beneath the 
south facing wall of the transverse ridge. Crustal thicknesses 
beneath the remainder of the transverse ridge are only slightly less 
than normal 
crust. 
and seismic velocities are similar to normal oceanic 
31 
(S} No single mechanism provides a completely satisfactory 
explanation for the formation of the KFZ ridge, although certain 
hypotheses can be eliminated (constructional volcanism, differential 
aubsidence across the fracture zone, large-scale serpentine 
diapirism). Any acceptable model must also account for the apparent 
asymmetry and episodicity in transverse ridge formation. The most 
likely mechanisms appear to be a combination of thermal and 
nscodynamic forces acting near RTI and/or changing relative plate 
aotions. 
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Figure 1. Generalized tectonic map showing the location of the Kane 
Transform (thick solid line), the Mid-Atlantic Ridge (MAR) 
rift valley (double line) and the aseismic extension of the 
Kane fracture zone (KFZ) east and west of the ridge crest 
(dashed line). The Kane Transform presently offsets the 
MAR rift valley by 150 km. Superimposed on this map is the 
track coverage obtained during the 1983 Sea Beam, gravity 
and magnetics survey (Detrick et al., 1985). The track 
lines numbered one through eight cross the KFZ and KFZ 
transverse ridge at right angles and coincide with the 
location of the eight bathymetry and gravity profiles shown 
in Figures 3a and 6 . The filled circles and triangles mark 
the reciever positions for the · refraction experiments EXP77 
(Detrick and Purdy, 1980) and EXP81 (Cormier et al., 1984) 
respectively. 
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Figure 2. Sea Beam bathyrnetric map of the eastern Kane ridge-transform 
intersection (RTI) and a 130 km segment of the Kane fracture 
zone and transverse ridge east of the Mid-Atlantic Ridge 
rift valley. The map is contoured at a 100 m interval with 
color changes occuring every 500 m. Dashed contours 
indicate interpolated bathyrnetry. Shallow regions are 
indicated with hot colors (yellows and oranges) while the 
cold colors represent the deeper portions of the map. 
0 
.. 
8 2 
" ~ 
0 
8 
" N 
. 
; 
i 
E 
9 
:i 
E 
0 
e 
.. 
.. 
; 
.! 
:; 
0 
c 
0 
u 
'° 
. 
"' • .. 
E 
• 9 .. 
!' 
.. 
"' i 
.. 
... 
0 
C') 
~ 
N 
35 
"O 
0 
"' "" 
36 
Figure 3a. Eight Sea Beam swath profiles across the Kane fracture zone 
and KFZ transverse ridge projected along Nl0°E and located 
as shown in Figure 1. The view is from east to west looking 
along the KFZ trough (blues and purples) bordered to the 
north by the transverse ridge (orange and light green). 
Contour interval and color-coding is the same as in Figure 
2; vertical exageration is 4:1. 
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Figure 3b. Three dimensional perspective view of the Kane fracture 
zone and the KFZ transverse ridge, produced from Sea Beam 
bathymetry data gridded at a 250 m interval and displayed 
with a vertical exageration 4:1. The smooth areas 
represent interpolated bathymetry. The view is from east 
to west looking along the KFZ trough towards the eastern 
RTI. The rectangular area of seafloor displayed is bounded 
by longitudes 43o45' and 45°oo'w and latitudes 23°23' 
and 23°50 1 N. 
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Figure 4. Averaged bathymetry profile (dotted line) across the 
transverse ridge produced by stacking the center beam 
depths of the eight Sea Beam swaths shown in Figure3a. 
Superimposed on this composite bathymetric profile are the 
calculated shapes of an elastic plate of varying 
thicknesses with a free edge at the fracture zone. The 
plate is loaded on its free end until the maximum 
deflection equals the height of the ridge above the 
predicted depth for crust of the same age (-17 m.y). A 
flexed elastic plate 3 to 4 km thick appears to best match 
the observed bathymetry. The corresponding flexural 
ridgidities are 24 to 57 X 1018 N-M. 
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Figure s . Two depth vs. age profiles constructed from the Sea Beam 
bathymetry mapshown in Figure 2 and Pockalny et al., 
(1986) paralleling the Kane fracture zone. Profile B 
follows the axis of the transverse ridge while Profile A is 
located approximatly 10 km north of Profile B. The insert 
indicates the orientation of the profiles with respect to 
the KFZ and the offset rift valley segments. Superimposed 
on the observed bathymetry (solid line) is the calculated 
depth vs. age curve (dotted line) of Parsons and Sclater 
(1977) The arrows indicate the location of the eastern 
ridge-transform intersection. Near the RTI, bathymetry along 
Profile B rapidly shallows forming the KFZ transverse ridge 
(see text for discussion). The transverse ridge reaches its 
apex approximatly 40 km east of the RTI matching the 
location (but not the amplitude) of maximum thermal 
topography calculated by Morgan and Forsyth (1986) for a 10 
m.y. age offset fracture zone. Further east the ridge 
appears to subside along with the adjacent lithosphere. 
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Figure 6. Observed bathymetry, free air gravity anomaly and calculated 
mantle Bouguer anomalies for the eight profiles across the 
Kane fracture zone and KFZ transverse ridge shown in Figure 
1. Also shown are stacked profiles derived by summing all 
eight individual profiles. The mantle Bouguer anomaly 
calculation removes the gravitational effect of the water-
crust and crust-mantle boundaries. The calculation was two-
dimensional and assumed a constant crustal thickness of 5 km 
and densities of 1. 03 g/cm3 for water, 2. 7 g/cm3 for the 
crust and 3.3 g/cm3 for the upper mantle. A correction was 
also made for the different lithospheric densities on either 
side of the fracture zone using the method of Louden and 
Forsyth (1976) and assuming an age contrast of 10 m.y. 
across the KFZ. 
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Figure 7 . Total mantle delay times (shot delay plus reciever delay) 
for lines shot perpendicular to the Kane Fracture Zone as 
recorded by (top) OBH 5 in the Detrick and Purdy (1980) 
experiment (i.e. EXP77) and (bottom) OBH 8 in the Cormier 
et al. experiment (i.e. EXP81). A mantle velocity of 7. 7 
km/s was assumed for all the shots. Vertical bars give the 
estimate of the picking errors and topographic correction 
errors. Arrows locate the fracture zone trough. (from 
Cormier et al. 1984). 
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Figure 8a. (Top) Calculated vs. observed travel times generated by 
the final ray tracing model along the EXP81 line for OBH 
5. The plot indicates that the calculated travel times 
(stars) fall mostly within the time error bars (vertical 
lines) of the first arrival travel times. (Middle) 
Observed bathymetry and the raypaths from OBH 5 (open 
arrow) constraining the final model along EXP81. (Bottom) 
Isovelocity plot of the final model along EXP81; 7.7 
km/sec is considered upper mantle velocity. This model is 
also constrained by raypaths from OBH 3 (Figure 8b). The 
crust south of OBH 5 is well represented by planar layers 
mirroring the seafloor (note the crust-mantle triplication 
between 20 and 30 km). The crustal structure north of OBH 
5 is discussed in the text. 
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Figure 8b. (Top) Calculated vs. observed travel times generated by 
the final ray tracing model along the EXP81 line for OBH 3. 
The plot indicates that the calculated travel times 
(Squares) fall mostly within the time error bars (vertical 
lines) of the first arrival travel times. (Middle) 
Observed bathymetry and the raypaths from OBH 3 (open 
arrow) constraining the final model along EXP81. (Bottom) 
Isovelocity plot of the final model along EXP81; 7.7 km/sec 
is considered upper mantle velocity. This structure is also 
constrained by raypaths from OBH 5 (Figure 8a). The crustal 
structure is discussed in the text. 
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Figure 9. (Top) Calculated vs. observed travel times times 
generated by the final ray tracing model along 
the EXP77 line for OBHs 3 , 4 and 6 . The plot 
indicates that the calculated travel times 
(squares) fall mostly within the time error bars 
(vertical lines) of the first arrival travel 
times. (Middle) Observed bathymetry and the 
raypaths from OBHs 3,4 and 6 (open arrows) 
constraining the final model along EXP77. 
(Bottom) Isovelocity plot of the final model 
along EXP77; 7.7 km/sec is considered upper mantl 
velocity. This line (EXP77) also has gravity and 
Sea Beam bathymetry coverage shown in profile 3 
in Figures 3 and 6. 
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~PENDIX A: Ray tracing models 
Model Construction 
The single largest source for error in the interpretation of 
marine seismic data is topographic corrections. These corrections 
assume a structure comprised of a stack laterally homogenous layers 
either planar or mirroring the seafloor and require the variation in 
bathymetry not to exeed 500 m (Purdy, 1982). Although this represents 
a gross simplification of the actual geologic structure, it generally 
provides satisfactory results. However, there are instances when the 
geology is known to be complex, the bathymetry rugged and where such 
simplifying assumptions cannot be made without introducing large 
errors. One method of investigating such areas using seismic 
refraction data is through seismic ray tracing. The ray tracing 
program of Cerveny et al. (1977) is capable of modeling travel times 
for rays traveling through a heterogenous two-dimensional velocity 
structure and includes the observed bathymetry thus avoiding any 
topographic corrections. 
The ray tracing models presented in the manuscript and this 
appendix were created by specifying velocities within a range vs . 
depth matrix. The matrix is formed by specifying the range (horizontal 
axis) of up to 30 vertical "mesh" lines from the ocean bottom 
hydrophone (OBH) position. Depths (vertical axis) along each mesh line 
are specified, an interface is then created by a cubic spline fit 
through these depth vs range points. The seafloor, for example, is 
determined by a cubic spline fit to depth vs range data from Sea Beam 
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or 3.5 KHZ echo sounder data. The depths to subsequent interfaces are 
based on assumed or any available velocity/depth information. A 
velocity is specified above and below each interface where they 
intersect the vertical mesh lines. Velocities between these 
intersection points are determined by linear interpolation. Seismic 
energy is then traced as ray paths "shot" from the OBH to the sea 
surface using Runge-Kutta integration techniques to solve the system 
of partial differential equations that represent the wave equation. 
Ray paths are determined by specifying the initial angle of incidence 
for each ray. The travel times calculated for a suite of ray paths are 
compared with the first arrival times picked from original record 
sections until a match is achieved. 
Ray Tracing Models not Presented in the Manuscript 
The 100 km EXP81 transverse profile from OBH 5 to SO km north of 
the KFZ was first modeled to OBH 5 using a constant thickness crust 
(6.25 km) with layers parallel to bathymetry denoting the 
velocity/depth structure derived by Cormier et al. (1984) for OBH 
5. The travel time match for arrivals south of OBH 5 using this 
structure is almost exact (Figure 8a in manuscript). However, within 
10 km south of the KFZ and northward the modeled arrivals are all too 
late and the interfaces mirroring the extreme bathymetry do not allow 
many geometrical diving ray arrivals (Figure Al). 
The same structure was used to model travel times for OBH 3 
(Figure A2). The modeled arrivals south of OBH 3 are clearly much too 
early (.25 sec) where as north of OBH 3 calculated and observed travel 
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times match well within 15 km range but further north modeled travel 
times are significantly late. The mismatches of travel times for both 
OBH 5 and OBH 3 immediately discredit a uniform "normal" crustal 
structure beneath the KFZ and transverse ridge, and the direction of 
mismatch provides the initial clues toward a better model. Modeled 
arrival times for ray paths traveling under the KFZ and through the 
transverse ridge to both OBH 3 and 5 are all late, necessitating a 
structure with higher velocities at some depth beneath the KFZ and 
transverse ridge. Possible structures include higher velocities 
within a normal thickness crust or thinner crust (raised isovelocity 
contours) with a lower average velocity, the combinations of various 
velocities and thicknesses are many. The well constrained 
velocity/depth data from Cormier et al. (1984) along the KFZ trough 
indicates thin (2. 6 km), low velocity (begining at 2. 6 km/s) crust 
with high velocity gradients (2/s) terminated with a sharp moho 
boundary. In addition, velocity/depth constraints indicate normal 6.6 
km thick oceanic crust 20 km north of the KFZ . This information 
considerably narrows the number of different velocity/depth structures 
possible across the KFZ and transverse ridge. Thus, modeling proceeded 
keeping OBH 5,3 and 6 and bathymetry as constants while only varying 
the structure between OBH positions. The final models are presented in 
Figures 8 and 9 of the manuscript. 
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Figure Al . (Top) Calculated vs observed travel times generated by a 
"normal", constant thickness (6.25 km) crustal model 
for OBH 5 (EXP81). The plot indicates that the 
calculated travel times (squares) do not fall within the 
time error bars (vertical lines) of most of the first 
arrival travel times within 10 km of the KFZ. (Middle) 
Observed bathymetry and the ray paths from OBH 5 (open) 
arrow) constraining this model along EXP81. (Bottom) 
Isovelocity plot of a "normal" constant thickness crustal 
model (velocity in km/s). This model is also constrained 
by ray paths from OBH 3 (Figure A2 ) . 
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Figure A2 . (Top) Calculated vs observed travel times generated by a 
"normal", constant thickness (6. 25 km) crustal model for 
OBH 3 (EXP81). The plot indicates that the calculated 
travel times (squares) do not fall within the time error 
bars (vertical lines) of first arrival times south of the 
KFZ and beyond 15 km north of the KFZ. (Middle) Observed 
bathymetry and the ray paths from OBH 3 (open arrow) 
constraining this model along EXP81. (Bottom) Isovelocity 
plot of a "normal " constant thickness crustal model 
(velocity in km/s) . This model is also constrained by ray 
paths from OBH 5 (Figure Al). 
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APPENDIX B: Data Storage 
The shifted and gridded Sea Beam bathymetry data used to 
construc t the bathymetry map and various bathymetric displays found 
in this thesis are stored at the Sea Beam Development Center at URI on 
magnetic tape and are presently up on disk. The shifted bathyrnetry is 
is located under the following path name; 
{DATA$DISK: [DATA.SEABEAM.RC2511 . PPROCESS.NAVSHIFT]CBYYMMMDD.S00) 
where: 
CB= Sea Beam data 
YY= year 
MMM= three letter abreviation for month 
DD= day 
SOO= shifted data 
for example CB84NOV08.SOO is the Sea Beam data collected on Nov . 8, 
1984 . The gridded Sea Beam data used to construct Figure 3b is 
presently located on Micro Vax 1 under the following path name; 
{SPARE$DISK: [DATA .REGIONAL.NORTH_ATLANTIC.MARK.GRIDS]FAREAST . GRID) 
The "windowed" data file is RTI_FAREAST.WINDOWS, the " include file is 
RTI_FAREAST.LIS, and the card file is RTI FAREAST.CRD. All three files 
are used as input to the program "gridder" which creates the gridded 
Sea Beam file FAREAST.GRID. 
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